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© Solid-state cumulative operation measurement system. 



© The system accurately measures a summation 
of the operations when an operating voltage is 
present. The system includes a capacitor charged 
by a supply voltage and a volatile memory register 
connected to receive the operating voltage signals to 
be measured and operable to store those signals as 
a measure of operations. A nonvolatile memory reg- 
ister is provided having stages corresponding to the 
stages of the volatile memory register. A store 
sequencing means is connected to be powered by 
the energy stored in the capacitor when the supply 
voltage is removed to transfer the count stored in the 
volatile memory register into the nonvolatile memory 
register. A means is provided for detecting when the 
supply voltage is applied, with a recall sequencing 
means operable in response thereto to transfer the 
count stored in the nonvolatile memory register into 
^the volatile memory register. 
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SOUD-STATE CUMULATIVE OPERATIONS MEASUREMENT SYSTEM 



This invention relates to improved cumulative 
operations measurement systems for providing a 
measurement and an indication of the total oper- 
ations of a machine or apparatus for which an 
electrical voltage is available to indicate when the 
machine or apparatus is in operation. The invention 
is particularly useful for measuring the total oper- 
ations of an electrical device or apparatus by de- 
tection of the application of operating voltage to 
that device or apparatus. Operations may be mea- 
sured in terms of total operating time or in terms of 
a count of the number of times operation is ini- 
tiated, or both. The operating voltage may be sepa- 
rate from, or may be the same as, the power 
supply voltage to the system. 

Background of the Invention 

For many devices, particularly electrically en- 
ergized devices such as electronic systems for 
communication, or data handling, or navigation 
control, for instance, it is very desirable to have 
some means of determining the cumulative oper- 
ations. This is especially desirable when high re- 
liability is required. The cumulative operations 
measurement provides a basis for determining 
when the device or apparatus should be given 
routine maintenance, or overhaul, or when a com- 
plete replacement should be made in order to 
assure reliability. Such reliability problems are es- 
pecially important, for instance, in aircraft 

Prior cumulative operations measurement sys- 
tems which measure operating time (referred to as 
"elapsed time indicators") have frequently em- 
ployed electromechanical counters using synchro- 
nous motors or pulse circuits which actuate me- 
chanical number registers which are similar to the 
mechanical registers in automobile odometers. 
These prior structures have a number of serious 
limitations and disadvantages. For instance, the 
accuracy of such devices is seriously limited by 
various factors. One of the most important factors 
is slow response to the initiation of the operating 
voltage resulting in a loss of up to five seconds for 
each startup of the apparatus being timed. These 
prior devices are also rather bulky in size. In order 
to keep the bulk down, the resolution is generally 
limited to about five decimal digits. This further 
reduces the precision with which the cumulative 
operating time is stored. Such electromechanical 
cumulative operating time indicators are also rela- 
tively costly, and each one adds a considerable 



weight These factors are important when it is ap- 
preciated that a large number of such indicators 
may be required in a vehicle such as an aircraft 
where weight saving is vital, 
s Another problem with the electromechanical 

elapsed time indicators is that generally the only 
means of recording the cumulative operating time 
is to have the human operator take a visual reading 
of the elapsed time indicator and record that read- 
70 ing manually. 

Still another problem with the electromechan- 
ical elapsed time indicators is that because of the 
different voltages and frequencies encountered in 
the machines for which cumulative operating time 

T5 is to be recorded, different models of the time 
indicators must be provided which are adapted for 
operating at different voltages and frequencies. 

The present invention avoids and overcomes 
the above-mentioned disadvantages and limitations 

20 of the prior operations measurement system. 

In carrying out the invention, there is provided 
a cumulative operations measurement system for 
connection to a source of supply voltage and op- 
erable in response to an operating voltage for ac- 

25 curate ly measuring a summation of the operations 
when that operating voltage is present, said system 
comprising a capacitor connected to be charged by 
the supply voltage, a volatile multiple-stage mem- 
ory register connected to receive the operating 

30 voltage signals to be counted at the low order end 
thereof and operable to store said signals as a 
measure of total operations, a nonvolatile multiple- 
stage memory register having stages correspond- 
ing to at least some of the stages of said volatile 

35 memory register, means for detecting when the 
supply voltage is removed, a store sequencing 
means connected to be powered by the energy 
stored in said capacitor and connected to said last- 
named means and operable in response thereto to 

4o transfer the count stored in said volatile memory 
register into said nonvolatile memory register for 
storage therein, means for detecting when the sup- 
ply voltage is applied, a recall sequencing means 
connected to said last-named means and operable 

45 in response thereto to transfer the count stored in 
said nonvolatile memory register into said volatile 
% memory register. 

The accompanying drawings are briefly de- 
scribed as follows: 

so Rg. 1 is a schematic circuit diagram of a 

preferred embodiment of the invention which is 
limited to measurement of operating time. 
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quence detector (72, Rg. 3) and the upper thresh- 
old voltage input(s) of said second voltage se- 
quence detector (74) comprises a rearm timer' 
(102) which is operable to delay the delivery of a 
signal from the output (Q) of said first' voltage 
sequence detector (72) so that said second voltage 
sequence detector (74) is only operable to detect a 
* decreasing voltage sequence after the time delay 
provided by said rearm timer (102), said first volt- 
age sequence detector (72) being operable to de- 
tect a declining voltage sequence and to withdraw 
the output signal (Q) to said rearm timer (102) in 
response to the declining voltage sequence, said 
rearm timer (102) being automatically resettable 
upon withdrawal of the output signal (Q) from said 
first voltage sequence detector (72) before the re- 
arm timer (1 02) has timed out 

10. A system as claimed in claim 8 further 
characterized in that a circuit means (79, 83) is 
connected between the output of said upper 
threshold voltage circuit (76) and an enabling input 
to said volatile memory register (26), said circuit 
means (79, 83) being operable for enabling said 
volatile memory register (26) to receive and count 
operations signals only while the operating voltage 
Is above the threshold voltage of said upper thresh- 
old voltage circuit (76). 

11. A system as claimed in claim 10 further 
characterized in that said last-named circuit means 
(79, 83) is operabie for enabling said volatile mem- 
ory register (26) to receive and count operations 
signals only after a time delay interval (at 81) which 
assures that the recall sequencing means has com- 
pleted the recall sequence of recalling the data 
stored in said nonvolatile memory (22)into said 
volatile memory register (26). 

12. A system as ciaimed in claim 11 further 
characterized in that said time delay interval is 
achieved by a connection (114, Rg. 2) from said 
recall sequencing means (44) for sending a signal 
to said AND gate (83 A) indicating thai the recall 
sequence has been completed, said AND gate 
(83A) being operable only after the completion of a 
recall sequence and the coincidence of an output 
from said upper threshold voltage circuit (76) to 
enable said volatile memory register (26A) to re- 
ceive and count operations signals. 

13. A system as claimed in claim 1 further 
characterized in that there is provided a diode (62) 
connected in series in the connections to the 
source (14) of operating voltage to accommodate 
the system to alternating operating voltage, and to 
isolate the system from the impedance of the 
source (14) of operating voltage and any connected 
power load (1 8). 

14. A system as claimed in claim 1 further 
characterized by the inclusion of a serial encoder 
(50) connected to receive parallel readout data 



from said volatile memory register (26) and op- 
erable to provide a chain of binary bits correspond- 
ing to the contents of said volatile memory register 
(26) in serial form, an output buffer memory (52) 
5 connected to receive the serial chain of binary bits 
from said serial encoder, and an output connection 
(56, 54) from said output buffer for sending the 
serial output signals to a reader device. 

15. A system as claimed in claim 14 further 
io characterized by the inclusion of a reader device 

(Rg. 4) operable for receiving and interpreting the 
chain of binary signals from said output buffer (52, 
Rg. 1), said serial encoder (50) and said output 
buffer (52) being operable for generating marker 

is signals to indicate the beginning of a chain of data 
signals, and said reader device (Rg. 4) including 
means (170) for recognizing said marker signals 
and for interpreting the chain of digital signals 
based upon timing established by said marker sig- 

20 nals. • 

16. A system as claimed in claim 1 further 
characterized in that the system (Rg. 2) is operable 
to take the summation of the operations when the 
operating voltage is present by counting and sum- 

26 ming the number of times that the operating volt- 
age rises to an operating value and wherein each 
detected (at 74, 89A, 122) rise of the operating 
voltage to an operation value actuates said volatile 
memory register (26) for incrementation by a single 

30 count 

17. A system as claimed in claim 16 further 
characterized in that the operating voltage for 
which operations are to be measured is the supply 
voltage (at 10). 

35 18. A system as claimed in claim 1 further 

characterized by the inclusion of an oscillator (24), 
and which also includes a conversion circuit (122, 
Rg. 2. Rg. 3) selectively operable in response to 
conversion control signals to optionally select a first 

40 mode of operation for the system wherein the 
measurement of the summation of the operations 
when the operation voltage is present is obtained 
by gating output 'pulses from said oscillator (at 
83A) to measure the total elapsed time during 

45 which said operating voltage is present and sum- 
ming those gated oscillator pulses, and to option- 
ally select a second mode of operation for the 
system wherein the measurement of the summa- 
tion of the operations by measuring voltage is 

so present is obtained by measuring each occurrence 
of the presence of the operating voltage and count- 
ing and summing the counts of those occurrences 
of the operating voltage. 

55 
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Fig. 2 is a schematic circuit diagram of a 
second preferred embodiment of the invention 
which is capable of measuring cumulative operat- 
ing time or a cumulative count of events. 

Fig. 3 is a schematic circuit diagram of a 
conversion circuit which forms a part of Fig. 2 for 
selectively converting the system to operate to 
record either elapsed time or a-count of events. 

Fig. 4 is a schematic circuit diagram of a 
preferred embodiment of a reader system for read- 
ing the measurements recorded by the system of 
Fig. 1 or the system of Fig. 2. 

Fig. 5 is a timing diagram illustrating a pre- 
ferred timing sequence of the data available for 
readout available to the reader system of Fig. 4 
from the measurement apparatus of Fig. 2. 

Fig 6 is a schematic circuit diagram of a 
modification of the embodiment of Fig. 2 for mea- 
suring both operating time and a count of the 
number of operation events. 

Referring more particularly to Fig. 1. there is 
shown a cumulative operations measuring system 
which is arranged for connection through main ter- 
minals 10 and 12 to a power source 14 through a 
switch 16. The primary purpose of the switch 16 is 
to connect the power source 14 to a power load 
device 18. The primary purpose of the operations 
measurement system of the present invention may 
be to determine the total operating time of the 
power load device 18, or a count of total oper- 
ations, in order to determine when that device 
needs to be given periodic servicing, or to deter- 
mine when that device should be replaced in order 
to assure reliability. The embodiment of Fig. 1 is 
limited to the measurement of total operating time. 

The primary components of the operations 
measurement system of Fig. 1 include an energy 
storage and filter capacitor 20, a nonvolatile mem- 
ory 22, an oscillator 24. and a volatile counter 
memory register 26 including a series of stages 
28-42 which operate as digital divider circuits. The 
divider circuit 28 preferably divides by a factor of 
72. Each of the dividers 30-42 preferably divide by 
a factor of 10. The dividers 30-42 are sometimes 
referred to as a group comprising a decimal regis- 
ter 27. 

When the switch 16 is closed, and the voltage 
comes up on the operations measurement system, 
a measurement number previously stored in the 
nonvolatile memory 22 is recalled by a recall se- 
quencer 44 and stored in the volatile memory reg- 
ister 26 before commencement of the time mea- 
surement The time is measured by means of 
timed pulses delivered from the oscillator 24 to the 
volatile memory register 26 through a divider circuit 
46 and a connection 85. When voltage is removed 
from the operations measurement system by open- 
ing of the switch 16 or by failure of the power 



source 14, the number stored in the volatile mem- 
ory register 26 is stored in the nonvolatile memory 
22 by the operation of a sotre sequencer circuit 48. 
* The energy for this store operation is provided 
5 from the energy store capacitor 20 although a 
connection is not shown from capacitor 20 to store 
sequencer 48. 

. In order to make the information stored in the 
memories available to the user, a serial encoder 

10 circuit 50 is preferably provided to read the in- 
formation stored in the volatile memory register 26, 
and to deliver that information as a series of digital- 
ly coded pulses through an output buffer 52 to a 
data output terminal 54 through a resistor 56. A 

75 reading device, described below in connection with 
Fig. 4 may be connected to the output terminal 54, 
and is also connected to termnal 12 at 12A to 
provide a voltage reference point. The reading de- 
vice is preferably also connected to a terminal 59 

20 to provide a voltage input to the time measurement 
system so that the information stored in the non- 
volatile memory 22 is recalled into the volatile 
memory register 26 by the recall sequencer 44 for 
read-out through the serial encoder 50, even if the 

25 * system is not otherwise energized. 

The volatile memory register 26 is sometimes 
referred to below as a volatile multiple-stage mem- 
ory register, or as a counter. The nonvolatile mem- 
ory 22 is sometimes referred to below as a non- 

30 volatile multiple-stage memory register. 

In series in the line from input terminal 10 there 
are preferably provided a series resistor 60 and a 
diode 62 to provide for some electrical isolation 
between the power source 14 and the time mea- 

35 surement system. In order to isolate the system 
from terminal 12 as well, a series resistor 58 is 
preferably provided in the line from that terminal. 
The resistors 58 and 60, together with the capacitor 
20. form a low-pass filter to prevent the passage of 

40 high frequency noise signals. The diode 62 also 
performs the very important function of permitting 
the time measurement system to be energized by 
alternating current power sources 14, even though 
the time measurement system is basically a direct 

45 current system. The diode 62 performs another 
very important function in providing for isolation of 
the time measurement system from the impedance 
of the power load device 18 during the store se- 
quence operation when the time measurement sys- 

so tern is relying for energy upon the capacitor 20. 
Thus, when the switch 16 is opened, or when 
power source voltage drops for any other reason, 
the diode 62 is backbiased by the voltage from 
capacitor 20 so that the power load device and 

55 power source impedances are not a factor in the 
power down operation of the time measurement 
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system. The resistors 58 and 60 provide the addi- 
tional desirable function of reducing the risk of 
serious electrical shock to equipment operators and 
service people. 

In the preferred embodiment of the invention, 
all of the elements illustrated to the right of the 
broken line 64 are preferably incorporated in a 
custom integrated chip, a monolithic semiconductor 
chip circuit which can be produced economically in 
large quantities. This chip circuit is preferably im- 
plemented in CMOS (Complementary-Metal-Oxide- 
Silicon) technology. 

The only major components external to the 
integrated circuit chip are the capacitor 20, the 
diode 62, and a crystal 66 connected to control the 
operation of the oscillator 24. 

Within the integrated circuit, there is included a 
voltage limiting device 68 connected across the 
incoming lines to limit the maximum voltage to 
which the time measurement system is subjected. 
The voltage limiting device 68 may be a zener 
diode, or a device similar to a zener diode. Also, in 
order to provide for a predictable voltage decay 
characteristic when input voltage is removed from 
the time measurement system and while the ca- 
pacitor 20 is being discharged, a discharge toad 
circuit 70 is preferably provided across the input 
fines. Load circuit 70 may be an active circuit or a 
passive circuit such as the resistor illustrated. The 
load circuit 70 is important because it is often 
difficult to obtain predlcatable and reproducible 
loading characterises with CMOS circuits, and the 
load across the capacitor 20 during discharge must 
be reasonably predictable to determine the correct 
operation and the correct timing of operation of the 
circuit during shut-down. The impedance of load 
circuit 70 may be selected, or adjusted, to com- 
pensate for the measured load impedance of the 
CMOS circuit chip to make the shut-down time 
predictable. 

The recall sequencer 44 and the store se- 
quencer 48 are respectively controlled by latch 
circuits 72 and 74 on the basis of signals received 
from voltage comparison amplifiers 76 and 78. The 
voltage comparison amplifiers 76 and 78 respond 
in part to reference voltages detected across a 
voltage divider network consisting of resistors 80. 
82, and 84 which is referred to as a voltage refer- 
ence circuit The voltage reference circuit also in- 
cludes a voltage limiting device schematically illus- 
trated as a zener diode 86 which is connected 
across the resistors 82 and 84 of the voltage di- 
vider network. 

The voltage comparison amplifiers 76 and 78 
also respond to a fraction of the terminal voltage as 
detected across a voltage divider consisting of re- 
sistors 88 and 90. The voltage dividers 80-82-84 
and 88-90 are designed so that as voltage initially 



rises following the closure of the power switch 16. 
the voltages supplied to the comparator amplifiers - 
76 and 78 from the voltage divider 80-82-84 always 
exceed the voltage supplied to those comparator 
5 amplifiers from the voltage divider 88-90. In others 
words, the ratio of the resistance of 90 to the 
resistance of 88 is less than the ratio of the resis- 
. tance of 84 to the combined resistances of 80 and 
82. This means that the inverting input of compara- 
io tor 76 is initially high, and the noninverting input of 
the comparator 78 is initially high. This means that 
the initial output of comparator amplifier 78 is a 
logic "one", and the initial output of comparator 
amplifier 76 is a logic "zero*. 
75 However, as the voltage rises across both volt- 

age dividers, there will come a time when the 
voltage seen by the voltage limiting device 86 
across resistors 82 and 84 reaches the rated volt- 
age of that device, the voltage drop across those 
20 two resistors is thereafter limited to the rating of 
the voltage limiting device 86- This means that the 
input voltages from the divider 80-82-84 to the 
threshold amplifiers 76 and 78 are thereafter held 
constant while the voltage supplied to each of 
25 these comparator amplifiers from the voltage di- 
vider 88-90 continues to rise. The result is that at 
some point, the voltage on the inverting input to 
comparator amplifier 78 exceeds the voltage on the 
noninverting input of that amplifier, (the threshold is 
30 crossed) and at a higher voltage from the voltage 
divider 88-90, the voltage on the noninverting input 
to amplifier 76 exceeds the voltage on the inverting 
input to that amplifier (that threshold is crossed). 
Thus, the output from comparator amplifier 78 first 
as switches from a logic one to a logic zero, and then 
the output from comparator amplifier 76 switches 
from a logic zero to a logic one, as the voltage 
derived from the voltage divider 88-90 increases. 
When the terminal voltage decreases because 
40 of the opening of switch 16. the reverse action 
occurs. The higher voltage comparator amplifier 76 
first switches off (from logic one to logic zero), and 
then the lower voltage comparator amplifier 78 
switches on (from logic zero to logic one). Thus, 
45 the comparator amplifiers 76 and 78 indicate the 
direction of voltage change by the sequence of the 
logical switching of those amplifiers. 

The components of the voltage reference cir- 
cuit 80-86 and the voltage divider 88-90 are pro- 
so portioned to provide predetermined voltage switch- 
ing levels. For instance, the circuits may be de- 
signed so that comparator 78 switches when the 
input terminal voltage level at terminals 10-12 is, 
for instance, about 2.5 volts, and the comparator 
55 amplifier 76 may be arranged to switch when the 
terminal voltage is about 3.2 volts. 
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The above-described outputs of the comparator 
amplifiers 76 and 78 operate to control the latch 
circuits 72 and 74, and to thereby control trie recall 
sequencer 44 and the store sequencer 48. Upon 
initial startup, the logic one output from amplifier 78 
is applied, as shown, to the reset input of latch 72 
to maintain latch 72 reset to - prevent immediate 
enablement of the recall sequencer 44 through 
connection 77. However, as the voltage rises, and 
the output from comparator 78 goes to logic zero, 
and then the output from comparator 76 goes to 
logic one, that logic one signal from 76 is applied 
to the set input of the latch circuit 72, causing latch 
circuit 72 to be set This results in a positive-going 
edge from the Q output of latch 72 on output 
connection 77 to the recall sequencer 44 which 
actuates that sequencer to commence the recaii of 
data from the nonvolatile memory 22 into the vola- 
tile memory register 26. 

• At the time the latch 72 is set. the Q output 
from comparator 76 on connection 77 is also sup- 
plied to a time delay circuit 81. The time delay 
circuit 81 provides an output to an AND gate 83 
after a delay interval sufficient to permit the full 
operation of the recall sequencer 44. The output 
signal from comparator 76 at connection 79 is 
carried directly to AND gate 83. The combination 
of those inputs at AND gate 83 provides an output 
from that AND gate to enable the first stage 28 of 
the volatile memory register 26. The time delay 
provided by circuit 81 permits the volatile memory 
register 26 to commence counting pulses from the 
oscillator 24 supplied through the frequency divider 
46 and connection 85 only after the correct prior 
count is safely stored in volatile memory register 
26. 

The frequency divider 46 is preferably disabled 
by the initial logic one output from comparator 78 
through connection 87. However, as soon as the 
threshold of comparator 78 is passed, and that 
output becomes a logic zero, that disablement is 
no longer effective, and the divider 46 is operable 
to commence operation leading to the emission of 
divided pulses to the input of the volatile memory 
register 26 through connection 85. 

The divider 46 also provides clock outputs, as - 
schematically indicated by the letter "C". which are 
used to clock the operation of other components of 
the system such as the recall sequencer 44, the 
store sequencer 48. and the serial encoder 50. 

The store sequence latch 74 is connected to 
receive the same reset signal from the comparator 
78 as was supplied to the recall latch 72. The set 
signal to the store sequence latch 74 is derived 
from the Q output from latch 72 so that latch 74 
cannot be set until latch 72 is set. Therefore, the 
store latch 74 operates in tandem with the recall 
sequencer latch 72 and provides a Q output signal 



to the store sequencer 48 at connection 89 only 
when a Q output is available from latch 72. How- 
ever, the store sequencer 48 is operable to initiate 
the store sequence only on a falling edge of the Q 
5 output Accordingly, the store sequencer is not 
actuated until the voltage comes down, as detected 
by the comparators 76 and 78, to reset the latch 
74. Since the latches 72 and 74- operate in tandem, 
and since the recall sequencer 44 responds only to 
ro the rising Q signal and the store sequencer re- 
sponds only to the falling Q signal, in the embodi- 
ment of Fig. 1, latches 72 and 74 may be com* 
bined in a single latch. 

The system also preferably includes a master 
75 reset circuit 91 which is normally supplied with a 
logic zero input signal at an input connection 92. 
and is inoperable to cause a reset in the presence 
of that signal. However, upon the reception of a 
logic one signal, the master reset circuit 91 is 
20 operable to issue a reset signal at connection 94 to 
reset all of the counters of the volatile memory 
register 26. This may be used to initialize the 
system, or reinitialize the system to zero. For in- 
stance, the volatile memory register 26 may be 
25 reset by the master reset circuit 91. and then the 
system is immediately shut down, causing the 
store sequencer 48 to operate to store the zero 
count In the nonvolatile memory. 

Fig. 2 is a "modification of the embodiment of 
30 Fig. 1 which includes substantial refinements over 
the system of Fig. 1. and which represents the 
preferred embodiment All of the components 
which directly correspond to similar cpmponents in 
Fig. 1 have been correspondingly numbered, ex- 
35 cept that the divider cirucits 30-42 are not sepa- 
rately shown but are shown combined as the deci- 
mal register 27. The features of Fig. 2 which cor- 
respond exactly with those of Rg. 1 are not further 
described in detail in connection with Rg. 2. Rath- 
40 er, the following explanation of Rg. 2 concentrates 
on the features which are different from those 
shown in Rg. 1. 

One of the most Important differences in Rg. 2 
is that an additional threshold circuit 96 has been 
45 added which responds to an input terminal voltage 
intermediate between the terminal voltage for the 
lower threshold comparator 78 and the upper 
threshold comparator 76. For instance, if the lower 
threshold comparator 78 responds to the condition 
50 of 2.5 volts at the input terminals 10-12. and the 
upper threshold comparator 76 responds to the 
condition of 3.2 volts at the input terminals 10-12. 
then the intermediate threshold may respond to a 
voltage of 2.9 volts at the input terminals 10-12. In 
55 order to accomplish this, an additional resistor 98 is 
provided in the voltage reference voltage divider 
80-82-84. The resistor 82 must be modified in 
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value, as signified by the designation 82A, to ac- 
commodate for the resistor 98 so that the sum of 
the resistances of resistors 82A and 98 is equal to 
the former resistance of 82 atone. 

The intermediate threshold circuit 96 is used to 
power the reset input of the store sequencer latch 
74 through connection 100. On startup, the com- 
parator circuit 96 is at a logic one, holding latch 74 
reset, as before. This continues until the threshold 
of 2.9 volts is exceeded, at which time comparator 
circuit 96 switches to logic "zero", and the reset 
signal is removed from latch 74. However, in this 
modified embodiment of Fig. 2, the store sequenc- 
er latch 74 is not immediately set when the voltage 
exceeds the threshold of 3.2 volts, the threshold of 
comparator circuit 76. Instead, the "set" output 
from the recall latch 72 is carried to a rearm timer 
102, and only after that rearm timer times out is a 
"set" signal supplied from the rearm timer to the 
"set" input of store latch 74. Only after the rearm 
timer 102 has timed out, and the latch 74 has been 
set can the latch 74 be reset in order to provide a 
negative-going voltage front to energize the store 
sequencer 48 through connection 89. 

The purpose for the above-described arrange- 
ment is to prevent unnecessary and inconsequen- 
tial operations of the store sequencer 48 in re- 
sponse to very rapid fluctuations of the Input termi- 
nal voltage which can occur because of a faulty 
switch 16, or for other reasons. It will be under- 
stood that the switch 16 may often be implemented 
as a solenoid operated electrical contactor. Such 
contactors are subject to problems such as contact 
"bounce*. Also, under conditions of vibration or 
mechanical shock, or low voltage conditions, such 
contactors may be subject to erratic operation. The 
rearm timer 102 is de signed to avoid these prob- 
lems by preventing the "arming* of the store se- 
quencer latch 74 unless the input voltage is sus- 
tained for the interval for which the rearm timer is 
designed. The rearm timer may be designed to 
provide any desired delay interval in the rearming 
of latch 74. For instance, that interval may be in the 
order of four seconds. In a preferred embodiment 
however, the delay interval of the rearm timer 102 
may be changed by a rearm delay selector circuit 
104 which may be controlled by a signal on an 
associated line 106. The change may be from four 
seconds to one second, for instance. Alternatively, 
if desired, the rearm delay selector may 'be de- 
signed with two or more control signal lines to 
select any one of four or more different delay 
intervals. 



"The rearm timer 102 is designed to automati- 
cally reset whenever the Q output from latch 72 - 
goes to logic zero as latch 72 is reset Accordingly, 
if the input voltage is present only momentarily, the 
s rearm timer never has a chance to time out to arm " 
the store sequencer latch 74, and the store se- 
quencer therefore is never actuated. 

This is extemely important because the circuit 
is most economically and conveniently implement- 

to ed in CMOS (Complementary-Metal-Oxide-Siiicon) 
technology, and nonvolatile memories, such as 
memory 22, implemented in CMOS technology 
have a limited "write" cycle life. Accordingly, it is 
very important to avoid actuation of the store se- 

75 quencer 48 which requires the storage of data in 
the nonvolatile memory 22 if that operation is in- 
consequential. 

As an additional precaution, In order to avoid 
premature actuation of the store sequencer 48. the 

20 logic one output from comparator 78 under initial 
low voltage conditions is preferably carried through 
a connection 108 and 110 to the store sequencer 
48 as a disablement signal. This disablement signal 
is then removed as soon as the threshold of com- 

25 parator 78 is passed at 2.5 volts as the voltage of 
the system increases. The voltage on connection 
108 is also preferably connected to disable a gate 
circuit 112 which prevents power from being ap- 
plied to the remainder of the circuit until the 2.5 

so volt threshold is passed as voltage increases. Gate 
circuit 112 illustrates the principle that most of the 
circuit does not become active before the terminal 
voltage reaches ZJ5 volts. However, this result may 
also be achieved in other ways, such as by direct 

35 logic switching of each circuit element by the out- 
put signal on connection 108 from comparator 78. 
Comparator 78 is specially designed to provide a 
very reliable and consistent logic one output over 
the range from the very lowest input voltage up to 

40 2.5 volts to reliably keep the rest of the circuit 
disabled until the 2.5 volt threshold is reached. This 
prevents the system from malfunctioning, and par- 
ticularly guards against malfunc tions arising from 
faulty power supply systems which may be very 

45 slow to come up to rated voltage. 

Another major difference in the system of Fig. 
2 from the system of Rg. 1 is that instead of the 
time delay 81 to delay the operation of the volatile 
memory register 26 until the completion of the 

so operation of the recall sequencer 44. the comple- 
tion of the operation of the sequencer 44 is sig- 
nalled by an output at a connection 114 which 
actuates an AND gate 83A to provide an output to 
enable the volatile memory register 26. Another 

55 input to the AND gate 83A is through a connection 
79A from the output of tiie threshold circuit 76. A 
third input at 117 is a logic "one" when the system 
is measuring time, as discussed more fully below. 
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The result of this circuitry is that the counter 26A is 
not enabled until the upper threshold voltage value 
of 3.2 volts is exceeded to provide an enabling 
signal on connection 79A to the AND gate 83A, and 
the output signal appears from the recall sequencer 
44 on connection 1 14 to the AND gate 83A. 

It is very desirable for purposes of testing to 
provide for the possibility of a speeded up opera- 
tion of the system. For this purpose, a countdown 
rate 1 selector circuit 118 is preferably provided 
which is connected to receive and select a higher 
frequency from the frequency divider 46 to provide 
for fast operation of the volatile memory register 
26. The selector circuit 118 is preferably actuable 
for selecting the higher frequency by a signal se- 
lectively applied through a connection 120. 

Another extremely important difference in the 
embodiment of Fig. 2 over that of Fig. 1 is the 
provision of a circuit 122 connected between the 
divide by 72 divider 28A and the decimal register 
27 of the volatile memory register 26A for convert- 
ing the operations of the circuit from a cumulative 
operations measurement system to a cumulative 
event counter system. Accordingly, circuit 122 is 
referred to as a "conversion circuit" or as a " 
programmable conversion circuit". Conversion cir- 
cuit 122 receives the threshold signal from thresh- 
old circuit 76 through connection 79A. Conversion 
circuit 122 also receives a store latch output from 
the Q output of store latch 74 on connection 89A, 
Conversion circuit 122 also receives clock signals 
from frequency divider 46 as indicated in the draw- 
ing by the input marked "C*. Additionally, the 
conversion circuit 122 receives programming and 
information signals on three outside terminal con- 
nections 124, 126, and 128. 

When the system is operable to measure cu- 
mulative operating time, the circuit 122 provides a 
logic one output at connection 130 to the serial 
encoder 50. This adds an additional "bit" of data to 
the information supplied through the serial encoder 
50 and the output buffer 52 when the data is read. 
That additional logic one bit tells the reader that the 
system is operating to measure cumulative operat- 
ing time, rather than a count of events. If the 
system is operating to count events, the output at 
connection 130 is a logic zero, thus distinguishing 
the readout to the reading system as an event 
count rather than operating time. 

When the terminal connections 124, 126. and 
128 do not receive any voltage inputs (logic zero), 
the conversion circuit 122 is in the operating time 
measurement mode, and the operation of the sys- 
tem is consistent with the above-described opera- 
tion of Rg. 2. When various combinations of logic 
one signals are applied to the input connections 
124. 126, and 128. the conversion circuit 122 con- 
verts the system to operate as either a "two wire" 



or "three wire" event counter. In the context of this 
specification, a two wire event counter is defined as 
an event counter which counts "power-on" events. 
(The operating voltage signal is the same as the 
5 supply voltage.) A three wire event counter is a 
counter which is continuously energized and which 
counts events in terms of electrical event signals 
which are separate from "power-on". (The operat- 
ing voitage signal js separate from the the supply 
70 voltage.) 

Fig. 3 is a schematic circuit diagram which 
shows details of the conversion circuit 122. The 
circuit includes digital logic switching elements in- 
cluding AND gates 131, 132, and 134, OR gates 
15 136, 138, 140, 142, 144, and 145, a NOR gate 146. 
and inverters 148 and 150. Also included are coun- 
ters 152 and 154, and a latch circuit 156. 

The counter circuits 152 and 154, and the 
associated logic elements provide a digital filter 
20 when the system is used as a three-wire event 
counter, as will be described more fully below. 

As previously mentioned above, when logic 
zero inputs are provided upon all three of the 
controi inputs 124, 126, and 128, the system op- 
25 eratBs as an operating time measurement system. 
Under those operating conditions, the logic zero at 
connection 124 disables the AND gate 131 and, 
together with the logic zero from 126, enables the 
NOR gate 146 to provide a logic one output at a 
30 connection 117A to enable the AND gate 132. This 
enablement of AND gate 132 provides for a free 
flow of pulses received from the divider circuit 28A 
through AND gate 132 and through the OR gate 
136 to the decimal register 27. The logic one from 
35 NOR gate 146 is also supplied through the com- 
mon connection 130 to provide the logic one signal 
previously described to the serial encoder 50 of 
Rg. 2 to signify that operating time is being mea- 
sured by the system. The logic one is also sup- 
40 plied through connection 117 to the AND gate 83A 
shown in Rg. 2 so that the AND gate 83A is 
enabled to respond to the other two input signals to 
that AND gate as described above for Rg. 2. 

The logic zero signal on connection 126 also 
45 diasbles AND gate 134 so that no signals from the 
latch circuit 156 on connection 160 are gated 
through to the OR gate 136. Accordingly, because 
of the disablement of both of the AND gates 131 
and 134, the OR gate 136 responds exclusively to 
so the operating time signals received through AND 
gate 132 from the divide circuit 28. The continuous 
logic zero signal on connection 128 provides a 
logic one output from the inverter 148 to OR gate 
138 which resets the counter 152 and prevents that 
55 counter from counting up. Accordingly, the output 
of counter 152 never appears at the output connec- 
tion 158 to set the flip-flop 156 to provide a logic 
one output from the flip-flop on connection 160. 
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As the system is initially energized, latch circuit 
156 is provided with a reset signal through OR gate 
145 by means of a signal supplied to that OR gate 
through connection 162 and inverter 150. Inverter 
150 is supplied with an initial logic zero signal 
through connection 79A from the threshold com- 
pare circuit 76 of Fig. 2. When the system comes 
up to voltage, that signal becomes a logic one, with 
the result that a logic zero is then available on 
connection 162 to OR gate 145. However, under 
the operating conditions Just described, there is no 
signal available to set the latch circuit 156. As will 
appear from the later description, the counter 154 
will be energized to count up, eventually providing 
an output on connection 164 to provide another 
reset signal through OR gate 145 to the latch 
circuit 156. 

When a logic one is provided to control con- 
nection 124, with connections 126 and 128 remain- 
ing at logic zero, the conversion circuit 122 op- 
erates to convert the system to a two wire event 
counter. The logic one connection may be provided 
to connection 124 by connecting a jumper between 
terminal 124 and terminal 61 in Fig. 2 In that 
operating condition, the conversion circuit 122 op- 
erates as before, except that AND gate 131 is 
enabled by the logic one signal on connection 124. 
and AND gate 132 is disabled by the logic one 
signal on connection 124 as inverted by the NOR 
gate 146. Thus, a logic zero signal appears on the 
output of NOR gate 146 at connections 130, 117A, 
and 117. The disablement of AND gate 132 inhibits 
any delivery of pulses from the divider circuit 28A 
to the OR gate 136. The enablement of AND gate 
131 permits a logic one signal supplied through 
connection 89A to be passed through the OR gate 
136 as an input to the decimal register 27. The 
logic one signal at connection 89A is an output 
from the store sequence latch 74 which signals the 
timing out of the rearm timer 102 of Fig. 2. Thus, in 
this mode of operation, as a two wire event coun- 
ter, the system records one count for each power- 
up operation which continues long enough to time 
out the rearm timer 102. The operation of the 
rearm timer is described above in connection with 
Fig. 2. 

The logic zero output from NOR gate 146 
supplied on connection 130 is carried to the serial 
encoder 50 of Fig. 2 to indicate, as a part of the 
readout information, that event counts are being 
measured rather than operating time. The logic 
zero from NOR gate 146 is also supplied through 
connection 117 to the AND gate 83A of Rg. 2 to 
thereby disable the* divider cirucit 28A. As the 
voltage of the system is brought up for each event 
which is to be counted, a logic one signal first 
appears at connection 124. which is operable 
through the NOR gate 146 to disable the AND gate 



132 before tiie operation of the threshold circuit 76 
of Rg. 2 to initiate the operation of the recalr 
sequencer 44 through the recall sequence latch 72 
This assures that no operating time measurement 
s signals from the divider circuit 28A of Rg. 2 can be" 
gated through the converstion circuit 122 when the 
• system is intended to be operated as a two wire 
event counter. 

When the system is to be used as a three wire 

w event counter, the input on connection 124 is main- 
tained at logic zero, the input at connection 126 is 
maintained at logic one, and a count is made of 
events on the basis of logic one signals applied to 
connection 128. Under these operating conditions. 

75 the AND gate 131 is disabled so that the operation 
of the rearm timer 102, as detected by a signal at 
connection 89A has no effect on the count How- 
ever, the logic one signal at connection 126 does 
enable AND gate 134 so that logic signals supplied 

20 from the digital filter including counter circuits 152 
and 154 through connection 160 are gated through 
the AND gate 134 to the OR gate 136 to be 
counted In the decimal counter 27. At the same 
time, the logic one signal at connection 126 op- 

25 erates through the NOR gate 146 to provide a logic 
zero on connections 130 t 117A, and 117. This logic 
. zero signal removes the logic one marker on con- 
nection 130 as supplied to the serial encoder, 
disables the AND gate 132, as previously de- 

30 scribed, and disables the AND gate 83A of Rg. 2 
to turn off the divider 28A as previously described. 

As previously described above, on 'startup of 
the system, the latch 156 is reset so that no signal 
(a logic zero) appears on connection 160. However, 

35 as previously described, as the voltage comes up, 
the logic one threshold signal on connection 79A 
operates through the inverter 150 to carry the con- 
nection 162 to a logic zero, thus removing the reset 
signal supplied to latch 156 through OR gate 145. 

40 However, no set signal is immediately appBed to 
latch circuit 156. The initial logic one output from 
inverter 150 is also carried to OR gates 144 and 
138 to maintain the counters 154 and 152 reset 
and inoperative. However, when the signal at con- 

45 nection 79A comes up to logic one, and the output 
of inverter 150 goes to logic zero, the OR gates 
144 and 138 no longer receive that signal, and are 
free to respond exclusively to the signals derived 
from connection 128. 

so Upon the appearance of a logic one signal to 

be counted at connection 128. that signal is in- 
verted by the inverter 148 to remove the other 
source of a reset signal supplied through OR gate 
138 to the counter 152. This permits the counter 

55 152 to be counted up in response to clock signals 
supplied from a clock input connection 166. and 
through the OR gate 140. At the end of a time 
delay interval determined by the number of stages 
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in counter 152 and the frequency of the clock 
signal on connection 166. the counter 152 times 
out to provide a logic one signal on connection 158 
to set the latch 156 to thereby provide a pulse to 
be counted through the connection 160. the AND 
gate 134, and the OR gate 136. At the same time, 
the logic one output is carried back on a branch 
connection 158A to another input of the OR gate 
140 ,to lock the counter 152 in the full count con- 
dition until such time as it is reset. 

In the meantime, the logic one signal on con- 
nection 128 has been operating through OR gate 
144 to reset the counter 154 (or to keep that 
counter reset) so that no reset signal is available to 
the latch circuit 156 from the counter 154. 

When the input signal on connection 128 
changes from logic one to logic zero, the inverter 
148 provides a logic one signal to OR gate 138 to 
reset the counter 152 to remove the set signal from 
latch 156. The logic zero signal on 128 is also 
supplied to the OR gate 144 to remove the reset 
signal from counter 154. Counter 154 then counts 
up in response to the clock signals at connection 
166 received through OR gate 142. Accordingly, if 
the logic zero condition persists for long enough to 
count out the counter 154, a logic one eventually 
appears at connection 164 which locks up the 
counter 154 through connection 164A and OR gate 
142, and which also operates through OR gate 145 
to reset the latch 156. Thus, the logic one output 
from latch 156 at 160 is removed. 

From the above description, it will be appre- 
ciated that the circuit including the counters 152 
and 154 operates as a digital low-pass filter. Thus, 
if a logic one signal does not persist "long enough 
to allow counter 152 to count out to set the latch 
circuit 156. then the counter is Immediately reset 
by the next logic zero signal, and the latch 156 is 
never set, and the short interval logic one signal 
therefore is not counted. Similarly, when a logic 
one signal which persists long enough to be count- 
ed is terminated by a logic zero signal, that logic 
zero signal must persist for an interval long enough 
to count out counter 154 in order to reset the latch 
156. If the interval is shorter than that, the counter 
154 is reset without resetting the latch 156. Thus, 
there is no separate subsequent setting of the latch 
156 to be counted since the latch 156 remains in 
the set condition. On the other hand, if the logic 
zero condition persists long enough to count out 
the counter 154. then the latch 156 is reset, and 
the system is ready to count another logic one 
condition which persists long enough to count out 
the counter 152. It is understood that only rising 
voltage wavefronts are counted through the con- 
nection 160. the AND gate 134. the OR gate 136. 
and the register counter 27 of Fig. 2. 



In Fig. 1 and Fig. 2, the actual voltages at 
which the various threshold circuits 78, 96. and 76 
are operable are not extremely critical, as long as 
the voltages are adequately spaced apart and are 
5 arranged in ascending order from the threshold 
comparator circuit 78 to circuit 96 to circuit 76. In 
other words, the values of 2.5 volts, 2.9 volts, and 
3.2 volts for these thresholds discussed above 
were simply by way of example. Preferably, how- 
10 ever, the highest threshold, that of comparator 76. 
(sometimes referred to below as E R ) should be in a 
range from 2.9 volts to 3.4 volts at an operating 
temperature of 30 degrees Centigrade. The next 
threshold votage at comparator 96 (sometimes re- 
ts ferred to below as E s ) is preferably in a ratio of 
0.87 to 0.95 of E R . The third threshold voltage at 
comparator 78 (sometimes referred to below as 
E L ) is preferably in the range between 0.75 E R to 
0.82 E R . It will be understood that these voltages 
20 are not the actual voltages at the comparator cir- 
cuits, but represent the values of the terminal vol- 
tages across terminals 10 and 12 at which the 
comparator circuits 78, 96, and 76 are operable. 
While the above discussion of the operations of 
25 the comparator amplifiers 76, 96, and 78 is based 
on the concept of providing three different refer- 
ence voltages from the reference voltage circuit 80- 
86, and only a single fractional value of the input 
voltage from the voltage divider 88 and 90. it will 
30 be understood that, if desired, a single reference 
voltage may be supplied from a simpler reference 
voltage source, and the three different thresholds 
may be provided by having a more elaborate volt- 
age divider 88-90. with intermediate resistors to 
as measure different fractions of the input voltage 
against the single reference voltage. It will be un- 
derstood that in the integrated circuit chip struc- 
ture, the voltage dividers such as 80-84 and 88-90 
may be carried out as transistorized synthetic re- 
40 sistors, or as switched capacitor dividers instead of 
resistors. 

In the operation of the Fig. 2 embodiment, 
when the voltage first comes up on the system, 
and the rearm timer 102 is started, if the voltage is 

45 interrupted or decreases drastically before the re- 
arm timer times out. resulting in the reset of the 
rearm timer, there is no saving of the time interval 
measurement which occurred during the fraction of 
the total rearm timer interval during which the re- 

50 arm timer was timing before reset, since the store 
sequence latch was not set (or rearmed) and the 
store sequencer 48 was consequently not actuated. 
However, this loss of timing data is not serious 
because it is assumed that such a short term 

65 actuation was a "false" actuation which is not to be 
counted. Also, presumably it will not occur often. 
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However, tt is one of the most interesting and 
valuable aspects of the Fig. 2 embodiment of the 
invention that the timing data taken during the first 
four seconds of operation of the apparatus during 
which the rearm timer is timing out is counted in 
the volatile memory register 26A during those en- 
tire four seconds, if the rearm timer does time out 
to rearm the store sequence latch 74 t which is the 
usual circumstance, that entire four seconds of 
timing data is saved ultimately by operation of the 
store sequencer 48 when it transfers the counting 
data from the volatile memory register 26A into the 
nonvolatile memory 22. Thus, while there is a delay 
in the full operation of the system occasioned by 
the operation of the rearm timer 102, no data is lost 
during that delay interval of four seconds (or one 
second) except in the unusual situation where the 
operating voltage decreased before the rearm timer 
times out 

The crystal 66 is preferably a standard clock or 
watch crystal adapted for operation of the oscillator 
24 at 32,768 hertz. The divider circuit 46 preferably 
divides the frequency from the oscillator 24 by a 
factor of two to the fourteenth power. That division 
results in pulses to the first stage of volatile mem- 
ory register 26 (or 26A) on connection 85 at a 1/2 
second rate. The divide by 72 stage 28 (or 28A) 
then divides the 12 second pulses to one hun- 
dredths of an hour. Thus, the pulses applied to 
stage 30 (the lowest order stage of decimal register 
27) occur at each one hundredth of an hour interval 
(every 36 seconds). With seven stages, as illus- 
trated in the drawing Fig. 1. the system is capable 
of indicating all units of time from 1/1 00th of an 
hour up tb units of ten thousand hours for a total 
count of 99,999.99 hours. This is a remarkable 
combination of range and precision in measure- 
ment and indication. The actual measurements are 
made and saved with even greater precision, down 
to 1/2 second- Even smaller time increments may 
be saved, if desired. In order to improve the preci- 
sion with which time intervals are measured, all of 
the measurements of the stage 28 (28A) are saved 
in the nonvolatile memory 22 by the operation of 
the store sequencer, and are recalled from the 
nonvolatile memory to the volatile memory register 
26 (26A). 

As pointed out at the beginning of this speci- 
fication, the prior art electromechanical elapsed 
time indicators are typically expected to start their 
measurement operations within five seconds after 
the first presence of the operating voltage. By 
contrast in the present invention, the operation of 
the counter and the time measurement system 
begins within a fraction of a second after power is 
applied to the system. Furthermore, even this frac- 
tion of a second delay in the start of the sytem can 
be compensated for by arbitrarily adding a time 



interval to the measured time within the combina- 
tion of the frequency divider 46 and the memory 
register divider stage 28 (28A) of the memory 
register counter 26 (26A). 

s The chief source of error on startup of the 

system is the delay occasioned by the initial 
charge of capacitor 20. There is also a source of 
error in the tumoff of the system, in that the voltage 
of the system must fall to the nominal 3.2 volts at 

70 the comparator circuit 76 before the volatile mem- 
ory register 26 (26A) is stopped by removal of the 
enablement signal applied through connection 79 
(79A) and AND gate 81 (81 A). These combined 
delays, plus a digitization error of an average of 1 '4 

is second are preferably all completely compensated 
by arbitrarily adding the correct number of millisec- 
onds into the volatile memory register 26 (26A) on 
each startup of the system to theroretically obtain 
an accuracy which is within a few milliseconds of 

20 being absolutely correct This provides an impor- 
tant improvement over the prior art because the 
startup and shutdown errors in the prior art devices 
lead to very substantial cumulative errors, depend- 
ing upon how many startup events are encoun- 

25 tared. 

An important advantage and principle of this 
invention is that the system can be designed to 
respond with Just as much or just as little delay as 
desired, in order to recognize or disregard events 
30 which occur quickly. This advantage was not avail- 
able with prior art elapsed time indicators or event 
counters. 

The entire volatile memory register 26 (26A) is 
implemented in binary digital circuitry. This means 
35 that the divide by 72 stage 28 (28A) incorporates 
seven binary stages, and each of the divide by ten 
decimal stages 30-42 includes four binary stages. 
In the decimal divider stages 30-42, a conventional 
binary to decimal coding may be employed. Thus. 
40 when the combination of four binary stages of one 
decimal state such as circuit 30 counts up to ten, it 
sends a "carry" to the next decimal state and 
resets all of its own binary stages to zero. 

It will be understood that it is not absolutely 
45 essential that this decimal coded binary system be 
employed in carrying out the present invention. 
Thus, some economy in structure can be obtained 
by using a straight binary counting memory regis- 
ter for register 26 (26A). However, the binary coded 
so decimal arrangement provides a slightly increased 
efficiency in the operation and structure of the 
reader, and is therefore desirable for that purpose. 

As previously mentioned above* when the sys- 
tem is implemented in CMOS, with a CMOS non- 
55 volatile memory, it is extremely important to avoid 
any more "write" cycles than necessary because 
of the limited "write" cycle life. Accordingly, it is 
preferable to fabricate the lowest order stages of 
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the volatile memory 26, (26A) ( and the nonvolatile 
memory 22 to reduce the number of changes in 
state required when storing the achieved count in 
the nonvolatile memory 22. Thus, for instance, a 
so-called five stage Johnson counter may be used s 
for the lowest decimal order of the decimal register 
27 instead of a binary coded decimal counter. The 
five stage Johnson counter employs five flip-flops 
instead of four, and operate in a manner similar to 
a shift register rather than to a straight counter. In io 
similar fashion, the first decimal register section 
may be implemented as a ten-position shift regis- 
ter. Similar expansions may be made in the divide 
by 72 circuit 28 (28A) and the associated portion of 
the nonvolatile memory 22 in order to reduce the is 
number of changes of state in the individual binary 
elements of the nonvolatile memory. 

It is an interesting and important aspect of the 
preferred embodiments as shown in Figs. 1 and 2, 
and particularly in Fig. 2. that while the system for 20 
recording operations is basically a digital system, 
which could easily be subject to erroneous opera- 
tion in response to noise signals, particularly high 
frequency noise signals, the system is very thor- 
oughly protected by both analog and digital filter- 25 
ing, and sequence control circuits. Thus, the ca- 
pacitor 20 and the associated resistors provide a 
low-pass input filter, the operation of the threshold 
circuits 76, 96, and 78 provide for a careful voltage 
sequence control to avoid ambiguities about the so 
meaning of changes in voltage levels, and the 
rearm timer* 102 filters or protects the system 
against spurious short term "on" detection. 

In accordance with the present invention, a 
reader must be provided for reading the data 35 
stored in the memories 22 and 26 (26A). Fig. 4 is a 
schematic illustration of a suitable reader for this 
purpose. The reader of Rg. 4 includes a power 
source indicated by a battery 168, a signal proces- 
sor 170. a memory 172, and a digital readout 40 
display device 174. A printer 175 may also be 
included. 

The signal processor is connected at connec- 
tions 176 and 178 to receive power from the power 
source 168. The reader is connected to the system 45 
of Rg. 1, or to the system of Rg. 2 at terminals 59, 
54. and 12A of those systems. Those terminals are 
given the same numbers in Rg. 4. Terminal 59 is a 
terminal by which the system of Rg. 1 or the 
system of Rg. 2 is provided with power to take so 
care of the contingency that power is not being 
applied to the system of Rg. 1 or Rg. 2 at the time 
a reading is to be taken. Terminal 12A is a power 
return or ground connection. Terminal 54 is the 
data readout terminal. The reader system of Rg. 4 ss 
preferably includes a momentary contact pushbut- 
ton 180 which is connected to the signal processor 
170 to initiate a reading operation. Signal processor 



170 is connected to energize the winding 182 of a 
relay Including a normally open contact 184 to 
apply power to the measurement system to which 
the reader is connected. It will be understood that 
an electronic power switch may be employed in- 
stead of the relay 182-184. The signal processor 
170 is operable to energize the relay 182-184. and 
to initiate a reading operation, whenever the start 
button 180 is closed. 

The systems of Rgs. 1 and 2 are designed to 
provide a continous stream of serially encoded 
data at the data read terminal 54 whenever those 
systems are energized. The signal processor 170 
of the reader (Rg. 4) receives and recognizes that 
stream of data, stores the data in memory 172, and 
displays the data on a visual display device 174, or 
prints the data on printer 175. A preferred format of 
the stream of data is shown in Rg. 5, and de- 
scribed in more detail below. 

In operation, at a suitable interval after the start 
button 180 circuit Is closed, and the power circuit is 
completed by the relay 182-184, the signal proces- 
sor 170 starts to look for, and recognise, the 
stream of output data from the system of Rg. 1 or 
the system of Rg. 2. A single valid set of serial 
readout data may be recognized and stored, or 
preferably two or three or more sets of data may 
be received and recorded and compared for ver- 
ification. The system then shuts itself off, opening 
the power relay 182-184. This operation typically 
occurs in less than four seconds. To the system of 
Rg. 1 or Rg. 2, the energization through connec- 
tion 59 appears to be the start of an interval to be 
timed, or an event to be counted. Accordingly, the 
entire system of Rg. 1 or Rg. 2 is energized in the 
usual manner. The diode 62 isolates the power 
system of the readBr from the impedence of the 
power load 18, so that power from the reader is 
supplied exclusively to the measurement system. 

When used with the system of Rg.2, the read- 
er power, being on for less than four seconds, does 
not last long enough for completion of the opera- 
tion of the rearm timer 102. Accordingly, the store 
sequencer 48 is not energized when power is re- 
moved. This is appropriate since the time interval 
during which the reader is connected to the system 
of Rg. 2 should not be recorded as additional 
operating time. However, the power from the read- 
er is operable to energize the recall sequencer 44 
to cause the data stored in the nonvolatile memory 
22 to be transferred into the volatile memory regis- 
ter 26 (26A). and to energize the serial encoder 50 
and the output buffer 52 so that the data trans- 
ferred into the volatile memory register 26 (26A) is 
available to the reader. 
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If the system of Fig. 1 of the system of Fig. 3 
is active at the time the reader is connected and 
turned on, the supply of power from the reader is 
of no consequence, and the data reader operates 
just as before to read the available stream of data 5 
from output buffer 52. 

Typically, the three connections for terminals 
59, 54. and 12A of the reader are carried out by 
means of a three pronged electrical plug connector 
which engages an associated three pronged jack to 
on the system of Rg. 1 or the system of Fig. 2. 
Thus, one reader device may be sequentially 
plugged into many different operating measure- 
ment systems for taking readings at each one. 
Alternatively, the reader device may be dedicated is 
to taking readings from an individual measurement 
system, and may be permanently wired and con- 
nected as a permanent part of that system, such as 
the system of Rg. 1 or Rg. 2. 

In another alternative, the reader of Rg. 4 may 20 
be expanded to include a memory 172 which is 
capable of storing many different readings for 
many different measurement systems, and the 
reader may be permanently wired to many different 
operating measurement systems and may include 2s 
multiplex switching apparatus for taking and re- 
cording sequential measurement from the various 
different operating systems. 

It will be understood that the display device 
1T4 may not be required when the printer 175 Is 30 
provided. 

While not illustrated in full in Rg. 2, the deci- 
mal register portion 27 of the volatile memory 
register 26 (26A) which is read out by the serial 
encoder 50 preferably includes about seven deci- 35 
mal digits, just as illustrated in the embodiment of 
Rg 1. In the preferred- embodiment, when the sys- 
tem is used as an operating time measurement 
system, the lowest order digits are hundredths of 
an hour and tenths of an hour. Accordingly, a 40 
decimal point is placed between the second-to- 
lowest order digit and the third-to-lowest order digit 
in the readout in the display register 174 and in 
printer 175. However, when the system of Rg. 2 is 
operated as an event counter, the smallest unit as 
measured is one event Therefore, the lowest order 
cfigft is used to store unit events. Accordingly, the 
reader of Rg. 4 is preferably designed to recognize 
whether the system is being used to measure 
events or operating time, and to omit the decimal so 
mark for events, and to insert the decimal mark for 
operating time measurements. The reader distin- 
guishes between the operating time measurements 
and the event measurements by the presence or 
absence of the binary bit provided from the conver- 55 
sion circuit 122 at connection 130 in Rg. 2. Thus, if 
a binary one is present in that portion of the 



readout from the serial encoder, it signifies an 
operating time measurement and the decimal point- 
is inserted. In the absence of that binary one sig- 
nal, no decimal point is inserted. 

It is also possible to include a "read only- 
memory" within the serial encoder 50 which is 
programmable to carry a unique serial number for 
each operations measurement system so that the 
serial number is carried out to the reading device 
along with the operations data. This is valuable 
when the reading device is reading operations data 
for many different operations measurements sys- 
tems. 

Rg. 5 is a timing diagram indicating a pre- 
ferred format in which the readout data is pre- 
sented by the serial encoder 50 and the output 
buffer 52 to the reader of Rg. 4. Time intervals are 
indicated in this diagram in milliseconds. Each data 
readout cycle begins with a positive-going signal 
voltage front as indicated at 186. That signal con- 
tinues for an interval of 250 milliseconds, indicating 
a constant logic one signal up to the point in time 
indicated at 188. At that point the voltage drops to 
a logic zero level for a first interval of 1.953125. 
milliseconds, as indicated at 190. The available 
data is then read out and indicated by the pres- 
ence or absence of logic one signals over a series 
of intervals numbered 2 through 30, each of such 
time intervals being equal to the time interval of 
190. The first binary bit at interval 2, indicated at 
130A, provides an indication as to whether the 
system is being used as an operating time mea- 
surement system or as an event counting system. 
As previously mentioned, a logic one indicates that 
operating time is being measured. Bit positions 3, 
4, 5, and 6 provide the decimal value of the lowest 
decimal digit, as indicated by the bracketed group 
labeled 30A. Bit positions 27. 28. 29, and 30 in- 
dicate the condition of the highest decimal digit as 
indicated by the bracketed group 42A. The five 
intermediate decimal digit binary bits are not 
shown in the drawing. However, they occupy binary 
bit position 7-26. At the end of bit position 30 (after 
58.59375 milliseconds), the signal level remains at 
logic zero until an interval totaling 250 milliseconds 
from point 188. This is indicated at 192 in the 
drawing. At that point another data cycle begins 
with a rising voltage wave-front 186A coresponding 
to wavefront 186. 

It will be understood that other output signal 
formats could be employed without departing from 
the spirit of the invention. 

The system of Rg. 2 has been described as a 
system which may be used as an operating time 
measurement system, or as an operating event 
measurement system. It will be understood, of 
course, that the principles taught by the disclosure 
of Rg. 2 may be employed to provide simplified 
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systems which are dedicated to a single purpose 
such as measurement of operating time, or mea- 
surement of events (two wire), or measurement of 
events (three wire). In such simplified systems, 
only as much of the conversion circuit 122 as is 
required need be retained. For instance, the con- 
version circuit 122 (Fig. 3) may be omitted entirely 
If the system is to be operated to measure operat- 
ing time. If the system Is to be operated to mea- 
sure a count of events (two wire), then the digital 
filter apparatus of the conversion circuit 122 may 
be deleted. Also, for the event counter functions, 
the divide by 72 circuit 28A may be omitted, as 
well as the AND gate 83A. Thus, each specialized 
system is considerably simplified with respect to 
the structue associated with the conversion circuit 
122. 

Fig. 6 illustrates another modified embodiment 
of the invention which measures cumulative oper- 
ations in terms of total operating time and also in 
terms of a count of the number of times operation 
is initiated. Fig. 6 corresponds in great measure to 
the embodiment of Fig. 2, but some of the circuitry 
common to that in Fig. 2 has been omitted for 
clarity. This applies particularly to the parts of the 
circuit shown on the left side of Fig. 2. 

The system of Fig. 6 includes an expanded 
nonvolatile memory 22B, and an expanded volatile 
memory 26B. The expanded volatile memory 26B 
includes the former decimal register 27, as in- 
dicated at 27B t which is dedicated to the recor- 
dation of elapsed time, plus a volatile event counter 
decimal register 27C plus a volatile identifier num- 
ber register 27D. Since the system of Fig. 6 is not 
capable of conversion from one mode to another, 
the conversion circuit 122 of Fig. 2 is omitted. The 
operating time is measured in the volatile memory 
register 27B as previously described with respect 
to the embodiment of Fig. 2. Events are registered 
in the volatile events register 27C each time the 
rearm timer 102 times out, and latch 74 is set to 
send a signal on connection 89B to the input of the 
volatile events register 27C. This operation is ex- 
actly analogous to the operation of the system of 
Fig. 2 in the two wire event counter mode as 
described above. 

The volatile identifier register 27D is capable of 
storing an identifier number for the operations mea- 
surement system, which may correspond to a num- 
ber assigned to the load device to which the oper- 
ations measurement system is assigned. The num- 
ber stored in the volatile identifier memory register 
27D may be determined by counting in the desired 
number of pulses on an input line 200 which feeds 
into the lowest order register of the volatile iden- 
tifier memory 27B. After the volatile identifier regis- 
ter has once been set. it is not ususally reset. 



unless the load device is assigned a new number, 
or unless the operations measurement system is 
connected to a new load device having a different 
number. 

e The embodiment of Fig. 6 combines the func- 

tions of an elapsed time measurement system and 
a two wire events counter. It will be obvious that a 
three wire events counter could be incorporated in 
this Fig. 6 embodiment instead of the two wire 

io events counter. 

The response times and the precision of the 
systems of the present invention may be deter- 
mined or adjusted by selecting or adjusting dif- 
ferent values for the capacitor 20, different time-out 

is intervals for the rearm timer 102 of Fig. 2 or Fig. 6, 
by selecting different base frequencies as deter- 
mined by selection of the crystal 66, and by selec- 
tion of different division factors for the divider coun- 
ter register 28 (28A) of Figs. 1. 2. and 6. 

so As previously mentioned above, the operations 

measurement systems of the present invention 
may be operated in response to incoming signals 
which are either alternating current or direct current 
signals. The system is preferably designed to op- 

25 erate in response to any input signal voltage which 
is at least five volts or greater. When greater vol- 
tages are employed, an additional voltage dropping 
resistor is preferably used in series with the diode 
62. Alternatively, voltage dropping resistors may be 

30 provided in the lines from both of the input termi- 
nals 10 and 12. With the simple addition of suitable 
voltage dropping resistors, the operations measure* 
ment systerns of the present invention may be 
employed for any voltage of five volts or higher, 

36 and that voltage may be dc voltage or any ac 
voltage of 40 hertz or higher frequency. 



Claims 

40 

1. A cumulative operations measurement sys- 
tem (Fig. 1) for connection to a source of suppiy 
voltage (1 4) and operable in response to an operat- 
ing voltage for accurately measuring a summation 

45 of operations when that operating voltage is 
present, characterized by the provision of a capaci- 
tor (20) connected (at 10. 62, 60) to be charged by 
the supply voltage (at 14), a volatile multiple-stage 
memory register (26) connected (at 85) to receive 

60 the operating voltage signals to be counted at the 
low order end (28) thereof and operable to store 
said signals as a measure of total operations, a 
nonvolatile multiple-stage memory register (22) 
having stages corresponding to at least some of 

65 the stages of said volatile memory register (26). 
means (76. 78, 74) for detecting when the supply 
voltage is removed, a store sequencing means 
(48) connected to be powered by the energy 
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stored in said capacitor (20) and connected (at 89) 
to said East-named means (76, 78. 74) and operable 
in response thereto to transfer the count stored in 
said volatile memory register (26) into said non- 
volatile memory register (22) for storage therein, s 
means (76, 78, 72) for detecting when the supply 
voltage (at 14) is applied, a recall sequencing 
means (44) connected to said last-named means 
(76, 78, 72) and operable In response thereto to 
transfer the count stored in said nonvolatile mem- to 
ory register (22) into said volatile memory register 
(26). 

2. A cumulative operations measurement sys- 
tem as claimed in claim 1 further characterized in 

that the operating voltage is the supply voltage (at is 
14) and the summation of the operations when the 
operating voltage is present is taken by measuring 
the eiasped time during which the operating volt- 
age is present and wherein there is provided an 
oscillator (24), and wherein said volatile memory 20 
register (26) is connected to receive electrical oper- 
ations signals (at 85, 46) in the form of output 
pulses from said oscillator (24) and wherein the 
storage of said signals is a measure of total oper- 
ations time. 25 

3. A system as claimed in claim 1 further 
characterized in that the summation of the oper- 
ations when the operation voltage is present is 
taken by measuring the elapsed time during which 

the operating voltage is present and the summation so 
of operations is also taken by counting and sum- 
ming the number of times that the operating volt- 
age rises to an operating value, said volatile mem- 
ory register (26B, Rg. 6) and said nonvolatile mem- 
ory register (22B) both including sections (27B. 35 
27C) for the respective storage of a summation of 
the elapsed time during which the operating volt- 
age is present and for storing a summation of the 
count of the number of times that the operating 
voltage rises to an operating value. 40 

4. A system as claimed in claim 1 further 
characterized in that at least one resistor (60) is 
connected in series in the line from the supply 
voltage (at 14) to said capacitor (20) to form a filter 
element in association with said capacitor (20). 45 

5- A system as claimed in claim 1 further 
characterized in that said store sequencing means 
(48) is operable to accomplish said transfer by 
comparing the binary value stored in each stage of 
said nonvolatile memory (22) with the binary value 50 
stored in each corresponding stage of said volatile 
memory register (26) and by initialing a write op- 
eration to change the state of only those stages in 
the nonvolatile memory (22) which must be 
changed to coincide with the state of the cor- 55 
responding stages in said volatile memory register 
(26). 



6. A system as claimed in claim 1 further 
characterized by the inclusion of at least two volt- 
age threshold circuits (76, 78) comprising a high 
voltage threshold circuit and a low voltage thresh- 
old circuit which are connected (at 88, 90) for 
receiving and comparing a voltage representative 
of the supply voltage with a different threshold 
voltage value (at 80, 82, 84)for each threshold 
circuit said means for detecting when the supply 
voltage is applied comprising a first voltage se- 
quence detection circuit (72) connected to said 
voltage threshold circuits (76, 78) and operable to 
detect the sequence wherein the lower voltage 
threshold is passed and then the upper voltage 
threshold is passed by the voltage representative 
of the supply voltage, said means for detecting 
when the supply voltage is removed comprising a 
second voltage sequence detection circuit (74) 
connected to said threshold voltage circuits (76. 
78) and operable to detect when the supply voltage 
is removed by detecting a sequence in which the 
higher voltage threshold is passed and then the 
lower voltage threshold is passed by the voltage 
representative of the supply voltage. 

7. A system as claimed in claim 6 further 
characterized in that separate lower threshold volt- 
age circuits (78. 96. Rg. 2) are provided respec- 
tively for said first voltage sequence detection cir- 
cuit (72) and said second voltage sequence detec- 
tion circuit (74), the lower voltage threshold (at 96) 
for said second voltage sequence detector (74) for 
detecting when the operating voltage is removed 
being higher than the lower voltage threshold (at 
78) for said first voltage sequence detector (72) for 
detecting when the operating voltage is applied. 

8. A system as claimed in claim 6 further 
characterized in that a circuit means is connected 
between an output (Q) of said first voltage se- 
quence detector (72) and the upper threshold volt- 
age level input(s) of said second voltage sequence 
detector (74) for signifying to said second voltage 
sequence detector (74) that the operating voltage 
has achieved a level above said upper threshold 
voltage level, said circuit means being operable to 
provide a signal to said second voltage sequence 
detector (74) for the upper threshold voltage only 
after there is an output from said first voltage 
sequence detector (72) recognizing that the operat- 
ing voltage has been applied so that said second 
voltage sequence detector (74) is operable to de- 
tect the declining sequence of voltages to actuate 
said store sequencing means (48) only after said 
first voltage sequence detector (72) has been op- 
erable to actuate said recall sequencing means 
(44). 

9. A system as claimed in claim 8 further 
characterized in that said circuit means connected 
between the output (Q) of sard first voltage se- 
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